Introduction 1 2
Biogenic amines have been implicated in food poisoning incidents, usually from the 3 consumption of fermented foods like cheese, meat, fish products and wine [1] . Wines are 4 very selective media, which can support growth of only few species of lactic acid bacteria, 5
mainly Oenococcus oeni and several lactobacilli species. In wine, several amino acids can 6 be decarboxylated and as a result biogenic amines are usually found. The presence of 7 biogenic amines in wine is of interest from a toxicological point of view. It is assumed that 8 histamine is the causative agent of physiological distress experienced by sensitive 9 individuals following ingestion of red wine. The symptoms commonly reported include 10 intense headache, rashes, nausea, facial flushing, thirst, sore throat, itching, swelling, 11 diarrhoea, and vomiting. However, reports have also demonstrated that tyramine, 12 tryptamine, and 2-phenylethylamine may play an important role as well as the simultaneous 13 presence of potentiating compounds in wines, such as ethanol, and polyamines, such as 14 putrescine [2] . In wines, putrescine is the most prevalent amine, being found in almost the 15 100% of the wines analysed [3] [4] [5] . Putrescine concentration in wine ranged from 0.8 to 200 16 mg/l [6] . 17
Biogenic amines are mainly formed by decarboxylation of the corresponding amino 18 acids by microorganims through substrate-specific decarboxylase enzymes. These enzymes 19 are generally induced at acidic pH and hence have a possible role in maintaining pH 20 homeostasis or extending the growth period by detoxification of the extracellular medium 21 [7] . Amino acid sequence analysis suggested multiple evolutionary origins for four distinct 22 groups of decarboxylases [8] . Group I consisted of the glycine decarboxylases; Group II the 23 glutamic acid, histidine, and dopa-like decarboxylases; Group III the bacterial ornithine,lysine, and arginine decarboxylases; and Group IV the eukaryotic ornithine plus arginine 1 and diaminopimelate decarboxylases. On the basis of profile analysis, these groups did not 2 appear to be related to each other or any other proteins in the sequence database [8] . 3 Ornithine decarboxylase (ODC, EC 4.1.1.17) is a PLP-dependent enzyme which 4 catalyses the conversion of ornithine to putrescine at the beginning of the polyamine 5 pathway. Many bacteria contain two forms of ODC, a biosynthetic or constitutive, and a 6 biodegradative or inducible form. In Escherichia coli, biosynthetic ODC is constitutively 7 expressed by all strains of E. coli grown in minimal media at a neutral pH; in addition, a 8 biodegradative form of ODC is induced in approx. 10% of E. coli strains grown in rich 9 media at low pH where it plays a role in regulating intracellular pH [9] . Among lactic acid 10 bacteria, only a biodegradative ODC in Lactobacillus 30a had been described which is 11 induced under low-pH conditions in rich media to compensate for the pH drop associated 12 with lactic acid production [7] . 13
It is generally assumed that the capability of biogenic amine formation seems to be 14 strain dependent rather than being related to specific species [10] [11] . In this sense, the 15 isolation of the putrescine producing O. oeni IOEB 8419 from a ropy red wine has been 16 described [12] . This strain seems to possess ornithine decarboxylase activity and requires 17 pyridoxal-phosphate as cofactor. Later, in a study to check the biogenic amine-producing 18 several PCR experiments were performed by using unspecific conditions such as a low 7 annealing temperature (36ºC) and the use of only one specific primer or a combination of 8 an specific with an unspecific primer (A22 or OPA20). By using these conditions with the 9 specific primer (primer 125) and the unspecific primer A22, a major PCR product of about 10 800-bp appeared, corresponding to the chromosomal region upstream of odc. A total of 11 2,372-bp DNA sequence from O. oeni BIFI-83 was obtained. 12 DNA sequencing was carried out by using an Abi Prism 377 DNA™ sequencer 13 (Applied Biosystems, Inc.). Sequence similarity searches were carried out using Basic local 14 alignment search tool (BLAST) [ Our hypothesis for the research was that wine lees contains various kinds of bacteria 5 that are capable of decarboxylate one or several amino acid. To check this hypothesis, 6 isolated bacterial strains were cultivated in MLO media containing the amino acid 7 precursors of the biogenic amines histamine, tyramine and putrescine. After five days 8 incubation, the cultures were filtered through a 0.45 μm filter and analyzed for biogenic 9 amines. A control corresponding to MLO medium without inoculation was also included. 10
Results are shown in Figure 1 . A typical O. oeni strain, as O.oeni CECT 4028 (Fig.1 D) , 11 produced no amines, however, O. oeni BIFI-83 produced putrescine (Fig.1 C) The complete odc gene was included in a 2,372-bp DNA fragment. Putative 3 consensus regulatory elements were localized on the 5´ DNA sequence (Figure 2) . The 4 deduced product of odc is a protein of 745 amino acid residues. The TGA stop codon was 5 followed by a putative transcription terminator since there is a possible stem-loop structure 6 which begins 17 nucleotides downstream from the TGA stop codon which has an 10-base 7 stem and a 9-base loop. This structure may serve as a terminator for transcription. 8
Preliminary data clearly indicate that this 2,372-bp DNA fragment was capable of reverting 9 an E. coli mutant which has an absolute putrescine requirement for growth (not shown). 10
This result seems to confirm that an ornithine decarboxylase protein is encoded by this odc 11 gene. We do not known the implication of this 19-amino acid residues tail on the protein 6 structure since only the three-dimensional structure of un-tailed inducible Lactobacillus 30a 7 ODC has been previously determined [20] . Lactobacillus 30a ODC is "doughnut shaped", 8 with outer and inner diameters of 210 and 50 Å. It is a dodecamer assembled from six 9 homodimers with 731 amino acid residues per subunit [21] . The homodimers have an 10 ellipsoidal core and two protruding "wing" domains, one from each monomer, pointing into 11 the central cavity region. Each monomer is arranged in five sequential folding units: wing 12 (residues 1-108), linker (residues 109-161), PLP-binding (residues 162-412), specificity 13 (residues 413-570) and C-terminal (residues 571-731) domains (Fig. 3) . Wing and linker 14 domains of adjacent dimmers interact, stabilizing the dodecamer. Futhermore, the linker 15 domain from one subunit forms part of the neighboring subunits´s PLP-binding site and 16 helps to stabilize the dimmer. The PLP-binding domain includes a seven-stranded α/β fold, 17 with the cofactor binding at the C-terminal of a β-strand to Lys 356 through a Schiff base 18 (Fig. 3) . The fourth domain is the specificity domain, containing residues necessary for 19 substrate recognition. The C-terminal domain forms a bridge containing one wall of a 27 Å 20 deep channel at the dimmer interface leading to the active site [22] . As showed in Fig. 3  21 absolute conservation among substrate-binding domains and also in amino acid residues 22 involved in PLP-binding and in the association of dimmers into decamers, were found for 23
Presence of an odc gene among oenococcal isolates 1 2
In a recent study, we have analysed the production of biogenic amines in a 3 collection of lactic acid bacteria of various origins, including commercial malolactic starter 4 cultures, type strains and 78 strains isolated from Spanish grape must and wine [15] . The 5 presence of putrescine in a decarboxylase synthetic broth was determined by reverse-phase 6 high performance liquid chromatography. In that previous study, no potential to form 7 biogenic amines was observed in 42 O. oeni strains analyzed. Since, these oenococcal non- which produces ornithine and ammonia from arginine. Therefore, it should be stated that 2 arginine may be at the origin of ornithine and putrescine. As result of the metabolism of O. 3 oeni possessing ODC activity, arginine could be converted to ornithine by the arginine 4 deiminase pathway, and the latter substance metabolised into putrescine by the action of the 5
ODC. 6 7
In summary, even though the toxicological significance of putrescine in wine is still 8 not well established, it is prudent to prevent any avoidable formation and accumulation in 9 wine. Therefore, the sources for amine formation during wine manufacture should be 10 determined in order to limit its formation and accumulation. In this sense, we have 11 identified an putrescine-producer O. oeni strain, belonging to a species that perform 12 malolactic fermentation of wines, and sequenced its ornithine decarboxylase gene. We have 13 also shown that the presence of a odc gene is a rare event in Spanish wine O. oeni strains. *Y*T-DV*DA**A**---*G**V*AV*K*AQAISADELK*******LE*KF*ATVNA*** 96
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